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It certainly is my pleasure to be here at Goddard again. It has
been a number of years since I have been here. I was at NASA for a
number of years in the past, but I recall a remark of my very own that
came to me as I was listening to the introduction.
W_h_en_Appllo_was__pver_,_ I saidjtojthe Administrator of NASA that I
want $10 and a new suit. I don't know whether~youunders~tancl~that ~ex-
pression or not, but when you get out of jail the first thing they give
you is $10 and a new suit.
Apollo was over. I said, I am through with reliability, we have
done a job, I don't want anything more to do with it. I came from a
systems engineering group and I said, I want to get back into that
business and get out of this game called reliability.
Well, the $10 and a new suit didn't last long because I was thrown
into the Navy to see if we could manage to turn around a trend in the
Navy which was very detrimental; the lack of operating life in Naval
equipment.
Now, I use the term operating life. That is what I grew up with
and the Navy calls it reliability. Whatever you want to call it, it is
all the same thing.
Today you are here to learn, listen and talk a lot on the subject
of precision time. I think also you should put the word precision in
your mind very carefully because that is really what reliability and
what the quality assurance world is all about. It is really the preci-
sion of how you do something.
What we learned in Apollo was that nothing in the terms of operating
life happens by accident and that you can have reliable systems without
redundancy. As a matter of fact we had many systems that were very




When you don't have redundancy, such as the military has a great
lack of, then you must depend 'On how you design your systems and you
must depend on how you manufacture your systems. So today what I would
like to hold in front of you is the term "precision," because that is
what it is all about. We are going to talk a little bit about the ex-
perience, what has happened in the Navy in the past years, where we
have been and where we think the program is really paying off.
I think there is quite a bit of excitement in terms of our own con-
tractors and ourselves as to what we see being introduced to the fleet,
which has a primary job to do.
If you notice, in the Figure 1 we didn't put in reliability and qua-
lity assurance and that is for a very good reason. For a number of years,
I think most people have become mesmerized with the word "reliability" and
"quality" and there is a little story about the runner who went out to see
how the war went and the runner came back and said, "the war doesn't go
too well, Emperor." And the Emperor says, "shoot the runner."
That is really what I found happening, when I came to the Navy. We
had reliability people standing up, answering questions that should have
been properly addressed to the designer and we had people standing up in
quality assurance circles trying to answer questions which really belonged
to the manufacturing community. So we have decided to focus where it is
important and put our hands around the throat of the guy who is really
doing it to us; the designer and the manufacturer.
The reliability and quality organizations have a purpose and a point;
and we are not in any way circumventing their role, but what we are trying
to do is make sure that we focus on where the culprit is and that is the
designer and the manufacturer. You will see very little discussion about
reliability and quality itself, but you will see it more centered around
the design arena and around the manufacturing arena, which is where it all
takes place.
I think the thing that is important is the word "mandate", in
Figure 2. On Apollo we had a mandate and that was to land three men on
the moon and bring them back safely within the decade.
That mandate means a lot. The Navy decided back in the mid-'70's
that the fleet was not doing well and that parts and people were not the
answer to bad equipment. And they really put a mandate out and this is
how I got involved.
They said, we want to change the way the Navy operates in terms of
the equipment operating life and these are the three commands that are
involved: the Air Command, the El ex Command and the Sea Command.
14
In Figure 3 is shown how the mandate carried itself out. On the
slide you can see the office I now hold (06). It is a responsible
role along with the logistics community and the acquisition community.
The three operations report directly to the Chief of Naval Material.
So that means we have recognized the mandate and the organizational
structure which is, of course, very important.
A little bit in terms of motivation. I saw Figure 4 in the Patent
Office on documents that I was reading not too long ago. It is a plow
in combination with a gun. I am sure that the designer of this machine,
back in the time period when that plow was made, was doing it for pro-
tection, but I couldn't help but think what a great motivation that would
be if you were the mule who was pulling the plow.
Of course what—we want-to -ta-l-k-about_is the_managemen.t of_a_discj^
plined approach. The whole secret to this busines of precision is a
matter of discipline (see Figure 5), how you go about it and how your
understanding takes place during the course of that discipline.
Now normally speaking this is what you would find yourself dealing
with in terms of reliability and what I saw the Navy dealing with back
in the mid-170's is their version of reliability. It has been charted
for simple understanding, but it is what I refer to as the game of random
nines.
Figure 6 is a chart that portrays how the acquisition cost (A)
increases as the reliability is increased. The support cost (S) de-
creases as the reliability is increased.
This chart was supposed to tell you that for some Delta increase in
reliability here, that there is a point on the acquisition cost curve
where it would be too expensive to continue to develop the equipment in
terms of placing it into a higher reliability category.
And, of course, this chart is absolutely true if you are intending
to manage your reliability by a test program. If you are intending .to
test your reliability into your program then, of course, this is the kind
of a curve you would see in terms of the acquisition costs, because you
would be spending so much money for time, equipment, test chambers and it
would be very late in the program, it would be a very costly kind of an
operation.
And I have seen these type of curves run before on equipment and
they are referred to as cost drivers. And in any program where you run
into reliability as a cost driver, what you will find most times is that
you are dealing with a program where the test philosophy is reigning
supreme, rather than the design philosophy.
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So this is the game that I got involved with when I first came to
NASA back in the mid-'60's. And there was a group called PSAC that was
looking over Apollo and they wanted us to do a predictive kind of anal-
ysis and to do a reliability program in what I call the game of random
nines. In other words, they were trying to get us involved in the mathe-
matical aspects of reliability rather than design and manufacturing.
Very fortunately for NASA they didn't listen to PSAC and went on and
did what was right.
In Figure 7 is shown what we replaced the game of random nines with.
There is nothing that we can't do in terms of acquisition fundamentals
that defines the program reliability that aren't under these categories.
Actually when we were with the Apollo program there were quite a
few more analytical activities than this that we could perform in order
to understand reliability of our equipment while it was in the design
process. But for the military application we picked these categories and
said they are the ones we want to use, they are the ones that we are
going to focus on and if we understand these, we are sure that we can
design and build reliable devices.
There is one secret to reliability that you have to understand and
it comes out very clearly in this chart and that is, reliability is a
function of stress. If you understand the stress on your hardware, you
understand its reliability. If you are overstressed, you are not very
reliable. If your equipment is overstressed it is not reliable. These
are simple analytical tools, but very powerful analytical tools that if
used properly can give you as much confidence as a very complex test
program.
They have the advantage of being done up front while the design is
still on the paper, they have the advantage of not using a lot of capital
resource and inventory and yet giving you the confidence that you need
to understand whether your equipment is going to hack it or not in terms
of the stress that is being put on it.
t
For instance, the mission profile definition is very important. You
have to understand where it is going to be used, how it is going to be
used and what environment it is going to be used in. Of course, that is
one where we have fallen down on our swords many times because we havejust inadequately defined the environment, sometimes out of ignorance and
sometimes because we were just careless.
If-it is something we don't know and it is perfectly understandable,
we will learn what the mission really turns out. to be later.
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But all of these tools are designed to produce analysis and in the
Navy most of our contractors have generated the necessary algorithms in
the Cad and Cam work in terms of getting the analysis into the automation
system such that the engineer doesn't have to do it in the long, time-
consuming way.
This is a very important analysis that Apollo spent a lot of time
on and as far as an analysis goes in terms of understanding stress, that
is probably the most important one; the most powerful one there is, up
and down the board.
The only problem was that it wasn't known outside of Apollo circles.
Today it is getting the emphasis I think that it needs in industry. I
think the jury is still out though as to how important it is to military
systems that have not a high reliability requirement. It may come as a
shock to you but in most cases military equipment doesn't demand high
_re.l_iabll_i_ty_—It-demand s_what_we_calJl_a_.medlan_kind_of_a_reljjabllj_ty
somewhere in the 80 to 90 percent category, not like the Apollo reli-
ability where failures were just ordained not to be, which demanded
very precise design and very precise understanding of the design.
/
The question of sneak circuit analysis came in as whether or not it
would be a type of analysis that would be valuable to the military. It
turns out that it is, I think, but the jury is still out voting and thejury is really the industry. As they use it, become more familiar with
it, we are finding out how cost effective it is and,whether or not it
is really paying its own way in terms of an analysis activity.
Next I am going to talk about design experience.
What we have here is a series of figures that show you some of the
involvement of the design and what it really means in the early stages.
When I first came to the Navy we asked some very simple questions
about what was the policy of say junction temperatures in the design of
electronic equipment. We couldn't find any policy written.
We also went out in the fleet and did some measurements to see what
typical junction temperature were in equipment and we found they were
operating somewhere in the 150 to 140 degree C category.
We also know from our experience with Bell Labs that this is the
temperature that they like to design in for the majority of their equip-
ment and they have had a lot of experience with those kind of tempera-
tures and we know what reliability we can get out of them.
If you put those numbers together what you see in Figure 8 is a '
difference of 900 times the reliability of the equipment depending on
just simply what junction temperature you pick. We, in the Navy picked
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the 100 degree standard because we couldn't afford the luxury of the
weight, the extra copper that goes into designs of these very cool sys-
tems at the bottom of the chart, but we also couldn't afford the failures
that we were seeing at these high temperatures. As a matter of fact,
we set 100 degrees as a standard and it has turned out now that we are
probably designing more in the 100 to 90 degree C region.
Our contractor has come back and told us that they really think they
can probably design fairly comfortably at 110 to 120 . But we set the
110 C standard back in 1975 and we are probably going to move it very
shortly into a lower temperature category since we seem to do it with a
relative amount of ease.
But as you can see, even within the bandwidth of 120 to 110, we are
still talking 12 times the reliability. So you can see the sensitivity
of the precision of reliability requirements to just one little element,
which is called junction temperature.
Also embodied in another chart, which I didn't bring today, is the
electronic stress on the devices. You. have two kinds of things you
should look at in semi-conductors which are very important, one is junc-
tion temperature and the other is electronic stresses. I have just
highlighted this one because it is very significant and easy to see.
Figure 9 is a chart that I think really portrays for people who have
difficulty understanding what the relationship is between dollars, tem-
perature and MTBF. We have collected this on a fleet of aircraft, 200 to
'be exact, and what we are looking at was the impact of operating temper-
ature on MTBF and on the operating cost of the airplane. I think this is
a very, very, important chart, at least it is for the Navy because it is
the first time we have been able to quantify MTBF with temperature and
with the dollars.
And what the chart portrays is what we did. We took a 200 fleet of
airplanes and we lowered the cabinet temperatures from 110 down to 90,
which is a 20 degree drop in the cabinet temperature.
And when we did that we almost doubled the MTBF. It went from about
2.7 to 4, but we found also that when we did this 20 degree drop in temper-
ature of the box, we found that the annual operating costs decreased $42
million for every year for those 200 airplanes. And now we find that if
we can drop it another five degrees in those cabinets, we can have an
annual savings of $8.5 million a year on those 200 airplanes.
So you see, reliability has a very direct connection with the economy
of how we operate, how we bill, how we buy. And in this day of inflated
dollars, where we are buying less and less with the same amount of money,
we have to understand more and more of these relationships and we have
several other families of charts that show the economic impact of just a
few degrees of temperature on the subtlety of reliability.
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We have always know these numbers, like you could lower the tempera-
ture and the MTBF's would change by these amounts. Those are relatively
known factors, but what we had not known is the impact of operating costs
on airplanes when we just lowered it those 20 degrees.
So it shows you that for every degree you lower the temperature, you
are not only dealing with MTBF, but you are dealing with operating costs.
Figure 10 is a very significant chart in terms of just the design
and understanding of temperature and the design of a piece of eqipment.
This is a signal processor. We call it an ASP and the interesting thing
about this chart is when we first looked at this program a number of
years ago, the reliability it was achieving, was right around the 200
hour level, against a specified level of somewhere between 500 and 700
hours. We did a design analysis of that particular piece of equipment
and we found most of the devices were running* too hot. We didn't have
ji whql_e_lqt of money on this pj^ogram, so what we told the designer of
this equipment, "which was IBM, that what we wanted them to do was to
relocate the components on the boards and not do any new design. So
essentially we went in and changed the printed circuit board only. All
of the components went back on that were on there before. The electrical
circuits were exactly the same. Only this time we did a sort of a re-
gression analysis, thermal regression analysis, we put the components
where they would best receive their cooling. In other words, the very
hot ones were near the edge of the boards and those who needed less
cooling progressively went towards the center of the boards.
We made a thermal adjustment of the parts on the board. When we put
it back into service, 750 hours. MTBF is the equipment reliability that
we got. Now you see, to me that is very powerful. This is very in-
spiring for a designer to understand that the only difference between
the old failure rate and the new was the fact that he relocated com-
ponents.
We didn't change the design. We didn't do anything except just re-
locate the components on the board. Then what we noticed, when we got it
out in the field was that we were still not achieving the reliability that
I thought we ought to be achieving. So we took some more looks at that
piece of equipment and we found that the field failures were about 50-50
parts and workmanship. In other words, the design stresses were within
the limits that we wanted to be in, but parts and workmanship were a prob-
lem.
So in the next version, the initial production, we pulled that design
back into the factory and changed the manufacturing process. When we
fielded this piece of equipment, Figure 10 shows that the reliability
went up to 1000 hours MTBF.
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We looked in the field and saw that we were seeing some kind of cate-
gories that were lower than these numbers, but still a problem in the area
of workmanship. We have instituted a screening program which improved the
reliability prediction. We haven't fielded these units yet.
We are now putting our equipment through a vibration thermal cycle be-
fore we put it into the field and when that is completed we expect to see
the reliability go up again.
I think the message of this chart is that this is a manageable
process. There is nothing mystical about reliability. It has nothing
to do with mathematics. I hate to tell you that, but E to the minus,
Lambda to the t is a dead duck in the Navy.
Figure 11 is a "show and tell" about where all of this leads if you
you properly follow it.
When we were getting ready to put an INS, Inertial Naviagation Sys-
tem, into the F-18 program we found we needed five to nine times the
reliability of any current system in order for the airplane to meet its
design requirements.
At that time when we went into the design phase of the F-18 INS
system, Litton was the primary builder of these systems and everyone of
these, with the exception of the A-7 had been built by the Litton Com-
pany and, as you can notice, the best that they had in terms of MTBF on
any INS they had ever built from the 1960's through the 1974 time frame,
was somewhere around 90 hours MTBF. And, yet, we had to have somewhere
around 500 to 700 hours MTBF on an INS system if our F-18 was going to
fly the way we wanted it to fly.
So we initiated those design parameters that we talked about earlier,
what we call design fundamentals, and put in the manufacturing disciplines
that we wanted on the program and today that program is flying in 22 test
airplanes and is demonstrating somewhere between 500 and 700 hours MTBF.
The thing that is interesting about this chart is that the same manu-
facturer who from 1960 to the 1972 time frame couldn't make an INS system
with any more than 90 hours MTBF in it for all of those airplanes. And
yet we changed the design standards, changed his manufacturing standards
and today we regularly get this kind of thing out of that manufacturing
operation.
So once again, I am trying to show you that it is a discpline process,
it has design capability in it, it doesn't have to be mathematically driven.
We simply look at our design, understand the stresses and see to it that it
is built to print, which of course is a big problem.
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If you look at our general industry's response to all of the initia-
tives that I have just talked about, in Figure 12 is shown the top 10
people who spend most of the Navy's money in terms of delivering systems
to the Navy. And these are the kinds of evaluations that we have put on
the industry.
As you can see, there is still some red (R) with some companies as
they gradually understand the transition design and the biggest one, of
course, is motivation which we are working on this year, which I think
is very important.
You know, Patton once said years ago, "You can't push a wet noodle."
And that is a very true statement. So what we have done is gone to the
corporate people and said, we are now demanding that you ask that your
equipment be reliable, that you make that first in your company.
The're is no point in"buiJlding~equipment7~no-matter-how-weMT~no
matter how precisioned, such as your time equipment. You know, if you
build very precisioned time equipment, but it doesn't dp the job, it
quit on you when you want it the most, then there is really not much
point in having that design. You know, let's not be infatuated with
just the performance aspects of equipment.
The Japanese have shown us what happens when you become infaturated
with a total equation, not only the design of the equipment, but the
manufacturing and the understanding of the stress of the equipment. You
know, the Japanese are just about to put us out of business electronically
and that is because they have understood the equation. I think it is high
time we, as Americans, understand what that equation looks like also.
So we have been working diligently in that area and it won't be long
before I think that the chart is going from all red in 1975 to have it all
green (G) in 1985. And I think with our top 10 contractors we will have
that happen.
As I said earlier, understanding design stress is really the main
part of the equation for the design aspect. But now you still have to
build it to print. No matter how well the design has been carried out,
no matter how well you understood the stress on the equipment and no
matter how well you did your design, if the guy out there on the floor
doesn't put it together the way the design is supposed to go together,
then you have shot it all.
So what we are involved in Figure 13 is a heavy emphasis on the
manufacturing of equipment, or what we like to refer to as build to
print.
We are going to talk about today in two areas: parts and workman-
ship (see Figure 14). The only parts that I am going to bring up with
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you today, which are occupying probably 90 percent of our problem areas,
is semi-conductors. And the other thing we will talk about is workman-
ship. But I will first talk about the parts problem, what we see in the
parts area and what I think you should be very attentive to in your
precision time work in terms of semi-conductors.
Back in the late '70's we did a study, shown in Figure 15, which
became very significant to us. I became aware that parts and semi-
conductors were giving us an unusual amount of trouble in the fleet and
we were buying mil-standard parts, high reliability parts, JANTX and
JANTX-B parts, which are supposed to be the top of the line, the cream
of the crop.
But we began to see equipment with these mil-standard parts in them
that weren't performing the way that we thought they should. So we went
out and bought a dozen part types in quantities of about 100 or 1000,
I have forgotten how many were in these lots now, but we bought 12 dif-
ferent types of semi-conductor devices with what was referred to as a
statistical quantity and then we put them in tests at one of our labs.
And what you are seeing here is the summary of one part type of which
the other eleven looked exactly alike.
But what I want to go into is to show you what really happens in
this world that began to open our eyes.
If you go to Radio Shack to buy a given part it will cost you 59<t
for that part. If you buy the same part commercial screened, such as
the FAA, or other people buy, that same part will cost you $1.99. If
you buy the part with high-rel standards, such as NASA buys, that will
cost you $3.10. If you buy the same part under what is referred to as
a mil-spec the part will cost you $12.50.
Now what we found out in this study, if you notice there is only
one thing changing in this chart that you can see and that is the amount
of paper you buy.
If you buy your part at Radio Shack there is no more than your
receipt. You get a little more data at each higher priced part and
when you get the mil-spec part you have bought a trainload full of
information and it is supposed to guarantee you that you have now bought
the part quality that you want.
Well, what we found in this, study is that that wasn't^true! What we
really saw is that there was quite a difference in terms of the reliabil-
ity between the first two categories. And we saw there was a lot of
difference in the quality between the next two. But the significant
part that came out in all 12 part types was that we could see no dis-
cernable difference between the mil-spec and commercial screened parts.
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Now, why is that? We began to study it and we thought.we knew the
answer, and since Fairchild has blown the lid off everything we now know
the answer. But at that time we were speculating.
You see, commercial screened parts is where 99 percent of the parts
are sold commercially. We in government only buy three to four percent
of the industry's output and what is happening is, when they run short
of mil-spec parts they are just dipping in the box and getting us these
commercial screened, unburned-in parts. And that is the reason we could
not see the difference. They just look alike.
You know, we wrote a great mil-spec, but we just aren't able to
police it or enforce it.
So that began to open our eyes. I got a couple more pieces of data
-here-that—I—am-going-to-show—you. Here-are-S-ix-of_the_lead-ing_sem-i^_
conductor manufacturers in Figure 16; we took their names off to protect
the guilty, but I never have quite figured out why I wanted to protect
them, but nevertheless every name that you know is on this list.
In one major program it became a real eye opener for us, it was a
mining program where we were having trouble with some of the semi-
conductor devices.
We decided that we would go in and do our own pre-cap visual. The
manufacturer had been doing it for us now for three years and we were
having trouble with this particular device. So we said, we are going to
see if anything is different. We are going to send our own people into
the factory and we are going to sit down with the guy who does the pre-
cap visual and we are going to do it right along with him.
When our man arrived at each one of these six plants the reject
rate that showed up is shown in Figure 16. Now mind you, they had been
delivering them to us all along. And, as a matter of fact, these two
fellows, number three and four, came to the Navy and said that they had a
72 percent rejection when we were sitting there with them and that they
previously had only a 6 to 5 percent rejection.
Those two fellows said to us, if you really want a mil-spec part
we can't supply it to you and they disqualified themselves and they had
been sending therrrto us for three years.
Now these other fellows who had still unusually high numbers, at
least agreed to clean up their lines, and they began to deliver us
quality semi-conductor devices.
Well what we found out is there is gross cheating going on in the
semi-conductor world; gross cheating.
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A typical example is shown in Figure 17. We screened, we took a
family of them and you can see the number of parts. I won't go into it
here for time reasons. But when we did the exact same test, we took mil-
spec parts that had already been delivered to us and we put them through
the mil-spec test again. We just sent them to an independent tester, and
we said what we want you to do is submit these to a mil-spec standard
test requirement just as though you were the manufacturer and do exactly
the same thing he is supposed to do when he ships them to us. And that
is what the column represents in Figure 17.
And when that guy was finished with testing, I think it was 20,000
parts, we found 14 percent rejection of transistors, 14 percent rejection
of IC's and about 11 percent rejection of diodes.
What we are seeing consistently, in the Navy in the mil-standard
world of military parts, in the semi-conductor world, is somewhere be-
tween 10 and say 17 percent rejection of mil-standard parts. Now those
are parts that, you know, we are paying the $12.00 for. They are not
the Radio Shack part. They are the part that is supposed to be tested,
burned-in and are supposed to be high quality devices. That has changed
our whole way of doing business once we learned this.
Now here is an example of what happens. We call it the manufac-
turing burden.
Figure 18 is a chart I showed the industry just to show them how
stupid this whole thing really is. But here is a case where a guy deliv-
ered 425 pieces of which 243 were found bad. When they were taken apart,
they found they didn't even have the same die in them. Figure 18 is a
picture of two different dies in the devices. What had happened is; he
had just put the wrong dies into the devices. Now mind you, not only
does he have the wrong quality on the die, but he also has the wrong
die.in the semi-conductor. Now that doesn't bother me nearly as much as
the statement down on the bottom. An alert was put out, everybody was
told, the manufacturer, which is National Semi-Conductor, responded to
the alert in this way. And this is what was written on the alert; It
says: "This situation of mixed parts does not constitute a reliability
problem". It has got the wrong die in each one, but that is not a
reliability problem!! They say: "All of the incorrect devices would
have been detected at the users incoming, receiving testing board level
checkout". In other words, "Buyers beware."
You will find that somewhere along the line at your cost and at your
expense, but we don't consider that a problem. And that is the kind of
thing we are dealing with in semi-conductors.
Now, of course, there was one that has really hit the street lately.
I am not going to spend a lot of time on it, but as you know Schoenberg
took over Fairchild in a stock option bit and when Schoenberg came into
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that plant and began to do an audit of what they had bought, and my own
version of this is they get what they deserve because I don't like people
that do these stock option takeovers, but at any rate they now found out
that they have a disaster on their hands.
You know, Schoenberg came to the Navy and came to DESEE and says,
hey we don't quite understand what is happening in the Fairchild plant.
We put out approximately 2 million semi-conductor devices a day — on
the military line — and yet we don't find but 500 sockets in which
we can burn them in and we don't understand how they are doing that.
Of course everybody rushed into the plant to see what it was all
about and what you really found out is that they weren't burning in at
all.
For the last five years Fairchild has been shipping mil-standard,
_hlgh._relja.bi_l..i.ty_djByices. unburned-in_. And those are ijljall. J>jf Jfour__ _ _
ewuipment right now. You see, what I am saying to you is you are really"
-- "Buyer beware."
Now the Navy has established its own programs with screening. Most
all of our major vendors have bought what is referred to as "century
equipment". It is a temperature screening device that we rescreen all
semi-conductors. We just don't use any semi-conductor that isn't re-
screened. It is just a disaster. I am sure in your precision world
you should take very great note of this because I think it is very
important that you recognize that just because you bought a mil-spec
part doesn't mean you have got anything at all. You have got to
determine what you have got yourselves.
Shown in Figure 19 is a program for which we had specified an MTBF
allocation. I picked it because it was a fairly high number in terms
of Navy equipment and the thing that is interesting about thisx curve is
if you look at the JAN world, you see the mil-burned-in part is required,
the thing Fairchild didn't do for us and let me just stop right here a
minute.
If you think the scandal going on with Fairchild is only with
Fairchild, it is just because you haven't visited the other plants yet.
Don't you believe for a minute Fairchild is the only one delivering
unburned-in parts. You just have to understand how semi-conductors
are made, you have to understand what the volume is and having been
around these plants for awhile you have to understand the term called
"ship for revenue".
At the end of every month a payroll has to go out in a semi-conductor
plant. And when they get near the end of the month, if they haven't
sold enough devices to meet their payroll, anything that is on the
shelf gets sold. That is called "shipping for revenue" and that goes
on across the whole industry.
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Now what this chart shows you is that there really is a break point
at which the cost begins to go up, but the MTBF doesn't meet the same
cost rise. And really is there sufficient reason to use the mil-burned-
in part for military equipment, or should we really look at the 883
screen parts, which is where the cost cross over point is.
We are looking for cost effective reasons, does the JANTX part
really pay for itself, or should we buy a couple of levels down, do our
own screening and see if that isn't the most cost effective way to put
the semi-conductor into military equipment.
If you think the problem is bad, Figure 20 just says you haven't
seen anything yet. Because when you go to the outer circle, which is
the '80's, what you are going to find out is that in the past, the
outlook for the semi-conductor industry was market emphasis and then
sales were sort of the thing they were interested in but in the '80's
you are going to find that profitability is the only thing industrial
sources are interested in.
As foreign companies come in and take over the semi-conductor houses
(I will make you a prediction that within 10 years there will be no semi-
conductor house in the United States that isnM: owned by a foreign
interest) and buy up this industry what they are going to be interested
in is only word, "profitability." And you are going to have a devil of
a time knowing what you have got and believing what you got unless you
have some way of screening your own parts.
Figure 21 shows there is a lot going on in the semi-conductor world
that I think is good. What I have said is a bad picture, but actually
any place we have seen the Japanese take over the"7 semi-conductor industry
and work with the semi-conductor world, what we find immediately is the
part type quality goes up.
There are all kinds of laws saying don't buy overseas, don't buy
offshore, all of this kind of stuff, but it is primarily nonsense because
in actual fact the Japanase build a better device. And the reason they
do is because they spend more money in the design process.
You know, our manufacturers have known for years that the quality
of the device would go up if they just spend more money on the masking
process, just for example. They spend over twice the amount of money
we do for masking their devices and, of course, they get a better
device when they mask it.
So if you look into the process what you find is that the Japanese
are really moving and you can look at the curve and see that. The
reason is they have understood what it is that they are looking for that
makes real profitability; a dependable device.
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Figure 22 is a little parts story. The other part of it is work-
manship. We have recognized that workmanship also is a problem, loose
wires, improper manufacturing procedures, et cetera. So we instituted
about a year ago, a year time frame, we instituted this screening pro-
gram which is really just a matter of known literature that we put into
a document. We used it on the Apollo program. It has been used in space
programs and probably is nothing new to you all.
But the point is, we said, hey on all of our equipment from now on
we want to see random vibration, 66, no less than 10 minutes, no more
than maybe 20 minutes, but somewhere in that time frame. And we said we
also want to see thermal cycling and we want to see that thermal cycling
is a function of complexity and there is a family of curves in this book
that shows it. We have given this book to all of our industry and parti-
cularly the corporate people because what we want them to understand is
-that
 1_i-t_d.ec.re.a.s.es._corp_orate_ costs. _
If you can understand what it is in your manufacturing cycle that
is giving you trouble, then you can correct it and you can build the
product better and better at a cheaper and cheaper cost.
So this document was sent out to the industry. It has very good
response. We are now thinking about turning this into a NAVMAT publi-
cation, or maybe even a mil-standard, or I don't know what to do with
it exactly. But at any rate, it has served its purpose in industry now.
It has called attention to the fact that if you really want to improve
your profitability of your company, as well as delivering more reliable
equipment, you must do some type of manufacturing screening and that is
the screen we picked that came mostly out of NASA literature and if you
have seen it I am sure you are familiar with it. That is working well
for us.
Between the emphasis on semi-conductors, rescreening, between doing
this kind of manufacturing screening, we are seeing equipments now go
out into the fleet that are sometimes two, three, and as much as five
times greater MTBF then we have ever seen before and this is because we
put the focus on design and manufacturing and I think that is the point
I really want to make with you.
Don't play mathematical games. Don't get involved with E to the
minus Lambda t. Those are interesting things and I am sure they have
some design predictive nature, but look at the part that is really-
important in this whole equation and that is understanding the stress
in your design and being able to build it to print.
If you can guarantee yourselves those two areas are under control,
you will be building precision time equipment that just will be very
dependable. And, after all, that is really what we are looking for is
dependable equipment.
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Figure 23 just says we haven't made quite the progress with the
transition in manufacturing as we have with the transition in design,
but this is because we got on it a little bit later, we got on it in the
late '70 time frame recognizing these kinds of problems. There is still
very little green (G) on the chart and I guess the main message in that
building to print is very, very, difficult and we are working very hard
to get industry standards set such that we all can have a baseline for
manufacturing that we understand.
What we see is a great deal of volatility in the manufacturing pro-
cess. Some companies do it one way, some companies do it another way
and nobody really knows why they do it either way.
So what we are doing now is setting a family of standards for manu-
facturing that we are going to send out very shortly and we are going to
say, now this is what we expect you to do as a minimum; if you want to
do any more than that, fine. But we feel by doing that we can set a
baseline in this manufacturing where we come closer to building to print
within the economics of the design. So that is really what we are look-
ing towards.
Let me'just say to you in closing that, this has been a very fasci-
nating area for me in the military. Coming from the NASA Apollo program,
I really didn't think there was an achievement that I could make that
could really top putting men on the moon and bringing them home.
But having been with the Navy now a number of years and working in
transition with them to try to bring more reliable equipment into the
fleet, try to decrease the fleet burden in terms of OMN costs, what we
found is what I think is a very exciting program.
I think the Navy in the next few years will be routinely delivering
reliable equipment to their fleet. It will be equipment that just like
the INS system for the F-18, it will have five to nine times more reli-
ability in it then we have ever seen in the past and we will be doing it
for less dollars. That is very important. We will be doing it for less
dollars.
As the inflation goes up, we just have to do more and more with less
arid less dollars. And by resorting more and more to the analytical under-
standing of reliability, rather than to the testing understanding of re-
liability, we find the economics that we are really looking for in this
whole business.
I think the Navy is making great strides in this. As a matter of
fact, I think the Air Force is moving along with it. We have spent a
great deal of time with Al Slay on this matter and I think you are going
to see the FSC Command begin to be very much engaged in this business.
It is really quite exciting.
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The thing that you will have to keep in mind is that it is very
fragile. Until we can get it down to where it has some solid base under
it, it is fragile. We have had programs that were doing well, we left
them alone for about a year, came back and they weren't doing too well.
We found that various disciplines had been dropped. The emphasis hadn't
been carried through. So what we found is that right now, at least, wejust can't drop any program. We have to keep them all under our visi-
bility in order to keep them moving because they are a little fragile.
But I think as time goes by we will see it harden more and more and
we will find less of this fragile business. So that is the main message
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Thank you very much for a most interesting and challenging presenta-
tion. Let me add to your quote of Patton. I don't think you can put
screws in the General ever.
And that is what it amounts to in some of these things. Well,
if gear is to be there, then of course it is up to us to insist on
quality.
There is one thing I wanted to ask you, however, and that is
your- comment about-militar-y-systems-rel-iability—in-general—is. not
required to be so very great.
I would suggest that there are cases such as for instance in
our case in precise timing in which we provide a commodity, pre-
cision timing, on which many operations depend. That in this case
I think you have to insist on much higher reliability. The reli-
abilities that we are talking about in timing equipment is on the
order of 20 to 50,000 hours MTBF. In this case we have an entirely
different proposition. It has become uneconomical, for instance,
to have maintenance people trained in some equipment because they
will never see equipment fail. Or if it fails you will never have
one experienced man around.
But it was certainly an extremely challenging and interesting
speech. I wish we could all read it after it has become available
in printed form, at least once a month on a Monday morning.
Do we have any questions?
DR. MCCOUBREY:
I wonder if values of parameters, such as junction temperature, are
included in procurement specifications now?
MR. WILLOUGHBY:
4
You mean in ours or in yours?
DR. MCCOUBREY:
In the Navy procurement.
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MR. WILLOUGHBY:
That list of what we call fundamentals up there goes into most of
the Navy procurements now and we set 110 degrees as the max temper-
ature that we will accept.
Now, I won't lie to you and say that we have accepted any tem-
peratures with more than 110. We do, on an engineering basis, make
some exceptions to that. But it is with judgement and consideration
that we allow that temperature to go more than 110 degrees, which is
the important point.
We know the risks we are taking and then we will let it go
higher. But we are finding that we have to make less and less of
those judgements.
Early in the program we had a lot of people asking for excep-
tions on the 110 degree. Now we find almost nobody asking for it.
As a matter of fact, as I said, we are running more like 90 to 100.
It has been put into standard specs, which I think is important.
MR. RUEGER, The Johns Hopkins University, Applied Physics Laboratory
I understand that when reliability gets to a high enough number
the Navy has a philosophy about not buying spare parts. Then when
a failure occurs there is a long recovery cycle to get the instru-
ment back in service.
MR. WILLOUGHBY:
Yes. You have hit on part of a problem. It has to do with mathe-
matics once again. The Navy, in terms of sparing its equipment,
uses algorithms as to certain numbers of times that the equipment
has to be worked on during a years time, or during six months time.
And there is a very flukey little algorithm that they use that does
quantify exactly what you said.
And as the MTBF goes up, what they will do, if you follow this
algorithm, you will find yourself with less and less spare parts.
o
See, what this has caused to happen, I will get into in just a
minute. But what this has caused to happen, we have doubled, tripled
and quadrupled the reliability of some equipments only to find that
it is the most unavailable in the fleet in terms of availability.
The reason is from the way the sparing system is put together.
We ran into an anomaly in the sparing system. That is what it
amounts to. It is a logistics world. But the logistics community
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is now re-looking the way they provision equipment because what
they were doing was shooting themselves in the head with this par-
ticular algorithm.
And it is just simply said, significance of failure has nothing
to do with it. It is only quantity. For instance, we had one piece
of equipment we tripled the reliability on and the availability of
the equipment went down to a mean time to repair of 13 months because
they didn't even order a spare transformer for it. They had to order
one at the first failure of a transformer and have it wound.
But that is a problem that is very unique to the military and
let's hope nobody else does dumb things like that.
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